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Section 3

MODULAR SPACE STATION DESIGN

The modular concept is concerned with the evolutionary growth of_a family of
space stations thaﬁ will become available during, or immediately after, the
Apollo Extension System (AES) and extending into the 1980'5 or beyond.
Starting with Apollo subsystems and technology, the development of advanced
subsystems and configurations can be spread over a broad time base, thereby
maintaining research aﬁd development efforts at a low level, Furthef,

this building block approach facilitates program control and flexibilify

of funding since new developments can be incorporated into the program

at essentially any point.

The basic modular structural components.are illustrated in Fig, 3-1.

They consist of a cylindrical wall structure, floor interconnect assembly,
flat floor assembly, and a bulkhead assembly. All of the space station
configurafions considered in this report can be constructed from these
basic structural components, Standard or universal hatches are provided
in each bulkhead assembly and at diametrically opposed points in the wall
structure, The bulkhead hatches provide access between adjacent com-
partments, docking ports for spacecraft, and atbachment points for
external experimental equipment, The sidewall hatches are intended
primarily for external experiment attachment, windows,and wall penetra-
tions fof‘experiments, but can also be used for docking ports, In the
case of the Interim or Operational Modular Multipurpose Space Station,
these sidewall hatches can be used for the attachment of intercompart-
ment access tubeé;‘AThe floor interconnect assembly, which can assume

a variety of forms (to be discussed sdbsequently),»reduces,floor and
celling deflecfions from internal pressure to an accepteble amount and

helps assure open lanes of commumication between compartments.
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ASSEMBLY H

84 inches

FLOOR 10
UNIVERSAL CEILING
HATCHES (4) HEIGHT

T

‘r_ 183~inch DIA, ———f5~

FIG. 3-1 BASIC MODULAR STRUCTURAL CONCEPT

Subsystems for the Modular Space Station configurations assume two

forms of evolution depending on the subsystem, The Electric Power
'éubsystem, for example, is completely modularized on the basis of addi-
tive fuel cell or solar array modules; the Environmental Control sub-
system, on the other hand, evolves to a semi-closed ecology through the
addition of components, Either type of subsystem, in its evolution,

can sccept advances in technology, as is shown in the following sections

of this report,

Eéch of the Mbdular-Space Station coﬁfiguratioﬁs must be compatible with

the contemplated versions of the Saturn launch vehicle family. For the

. —space station_orbits under consideratipnl“ﬁhngQqup_pgylpgﬁmcapabi}ities »

specified from Cape Kennedy are as follows:

e Saturn IB:
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© Saturn V (3 stage):
200 n.mile, polar orbit =-- 41,000 1b
30 deg, earth synchronous -- 63,000 1b

e Saturn V (2 stage):
260 n,mile, 29.5 deg orbit -- 247,500 1b
The launch configurations for modular configurations are as shown in
Fig. 3-2. The flight profiles, showing staging, orbital operations,
and crew recovery for each of the six missions under consideration are

shown in Figs. 3-3 through 3-8,

The following sections of this report define in conceptual detail the
modular space station configurations, subsystemé and capabilities that
are compatible with the launch vehicles, state-of-the-art, schedules

and fiscal funding that are available to the nation in the near future.
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3.1 MODULAR CONFIGURATIONS

" The Modulaf Multipurpose Space Station family is a series of stations
starting with a single compartment ﬁodule and progressing to a large
multi-compartment; multi-module station. The design goal was to develop
the series of space stations using a standard set of basic building
blocks — the so-called modular concept. Stations of 183-in. and 260-in.
diameter were to be studied - the 183-in. diameter because it fits the
LEM adapter, and the 260-in. diameter because that is the size of the
S-IVB'stage of the launch vehicle. After studying the possibilities of
the two sizes, the 183-in. diameter was selected because it fits within
the LEM adapter and because the 260-in. diameter would require hammef-
heading in the three radial module configuration. The study effort was
therefore primarily concentrated on the 183-in.‘diameter stations and
the following paragraphs (through Section 3.1.L4) deal with it. The
study results for the 260-in. diameter stations are presented in

Section 3.1.5.

The stations considered for the modular concept are a One-Compartment
Iaboratory, a series of Two-Compartment ILaboratories, an Interim Station
consisting of six modulér compartments, and an Operational Station-utiliz-
ing three modules similar to the Interim Station module. The stations

are shown in outline form in Fig. 3-9 and their characteristics are

listed in Table 3-1,

Modular Concept

The basic building blocks for the modular concept underwent some modifi~
cation as the study progressed, The originai concept, shown in Fig. 3~10
consists of a barrel section, an upper dome, and a lower dome, The
barrel section is a circulér cylinder 183-in. in diameter and 90 in,
long. It inclﬁdes a curved floor of honeycomb construction and two
hatches located so that they protrude into the joint line where an
additional barrel section or end dome can be welded on. The wall

structure consists of an integrally stiffened pressure shell of aluminum

LOCKHEED 19
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4alloy with axially disposed fiberglass standoffs supporting the alum-

inized mylar insulation and the meteoroid shield.

The end domes are of semi-ellipsoidal double skin construction filled

with foam. The upper dome contains three hatches and a support struc-

ture; the lower dome has one hatch, a support tube, and a curved floor

of hbneycomb construction.

A single-compartment laboratory is built up, in the original

modular concept, by Joining an upper and lower end dome. A two-

compartment laboratory requires an upper and lower dome plus one

cylindrical section. A six-compartment laboratory consists of an

upper and lower dome plus five cylindrical sections.

The original modular concept had several features which needed improve-

ment:

The upper and lower end domes were different, an uneconomical
feature.

Hatch location in the cylindrical section complicated the Jjoin-
ing of sections.

Curved floors were unnecéssary on zero gravity space stations.

The floor in the lower dome was redundant from a pressure
standpoint.

Most of the faults of the original modular concept were corrected in the

second version. The dissimilar semi-ellipsoidal end domes are replaced

with flat circular disks which serve as either floors or bulkheads.

The bulkheads, which are of honeycomb construction, each have one

~"centrally located hatch as shown in Fig. 3-I1, The hatches in the

cylindrical section are relocated so that they no longer protrude into

‘the joint line. The bulkheads are supported by an interconnect assembly

shown in Fig. 3-11 and 3-12, The interconnect assembly also provides

access between floors of the two- and six-compartment stations. Struc-

tural details of the second modular concept are shown in Fig. 3-13,

The role of the modular concept in the evolution of the Modular Multi-

purpose Space Station family is illustrated in Fig. 3-11,
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The final version of the modular concept is similar to the second ver-
sion except that the honeycomb bulkhead construction is changed to an

integral beam design because the beam design pfoves to be lighter,

The One- and Two-Compartment Laboratories are supported within the LEM
adapter during the launch sequence, Figure 3-1L shows three design con-
cepts for supporting these laboratories in the LEM adapter., The truss
support proves to be the lightest in weight and is therefore the recom-
mended design,

A universal hatch design suitable for use as a docking port, window,
attachment point or wall penetration for exbernal experiments or inter-
compartment hatch, is a feature of all versions of the modular concept.
Figure 3-15 shows structural details and applications of this hatch.
When the hatch is used as a docking facility, the cover is domed to
provide clearance for an Apollo docking probe, There are internal and
external locking handles so that the hatch can be operated from either
side., The cover is completely removable and is stowed above the hatch.
A variety of units may be attached to these hatch openings including

external experiment packages, external air locks, and telescopes,

An inter-compartment hatch is used on the two- and six-compartment con-
figurations, This hatch opening is the same diameter as the side hatch,
and sealing is accomplished in the same manner, A handle on each side

of the flat cover operates four locking'dogs simultaneously. The cover,
-when opened, hinges and translates against the floor intercomnect structure

and is held in this position by a magnetic catch,

3.1.1 One-Compartment Laboratory

Two versions of the One-Compartment Laboratory module were designed;

one with honeycomb and one with integral beam bulkheads, Figure 3-16 shows
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the module with honeycomb bulkheads, This design retains the floor inter-
connect assembly. Fig., 3-17 shows the final version of the laboratory module,
The bulkheads are constructed of integrally stiffened structural segments;
the upstanding integral legs become beam caps of 8-in, deep beams, The webs
are made of fiberglass, Aluminized mylar insulation and meteoroid shielding
are installed gbove the load-carrying webs, The ceiling structure has the
beams on the inside so thaﬁ they may be used for the mounting of consoles and
equipment within the module, The bulkheads are supported by an optional
arrangement utilizing four tubes that pick up beam intersection points in the
integral floor, This optional arrangement is discussed further in Section
3.3.2.5. The floors contain an access opehing that is used during construc-

tion and for the installation of equipment,

The One-Compartment Leboratory module is mounted inside the LEM adapter
for the launch sequence as shown in Fig, 3-14, Adapter skirt separation
is the same as for the LEM vehicle, The transposition and docking of the
CSM combination to the compartment is similar to docking to the LEM,

Reentry of the command module is similar to that of the Apollo mission,

3.1.2 Two-Compartment Laboratories

The Two~Compartment Leboratory modules are assembled by joining two
cylindrical elements containing floor bulkheads and then capping the
-open end with a flat bulkhead that serves as a ceiling for the upper element.
Figure 3-18 shows a version of the module with either honeygoMb bulkheads

or integral beam bulkheads, although the integral beam design is recommended.

The floor interconnect assemblies shown can be strengthened so that they can

. be used as airlocks.  The truss-type supports -for mounting the module in the

LEM ‘'adapter are identical to those used on the One Compartment Laboratory.

The rectangular solar array (the preferred design) for the Two Com-
partment Laboratories is shown in Fig, 3-19, The panels are stowed
on the sides of the modules within the LEM adapter. An alterpate

circular panel design is illustrated in Fig, 3-20. Here the panels
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arve stoved underneath th. modules at the lower end of the LEM
‘adapter, The panels illustrated in Fig, 3-19 and 3-20 are sized
for the Independent and Polar Orbit Laboratories; those for the
Synehronous Orbit ILsboratory would have half the area shown,

3.1.3 Interim Space Station

The Interim Space Station, shown in Fig. 321, requires six cylindri-
cal elements for the module assembly with the intégral beam bulkhead
construction. Floor interconnect assemblies, omitted for clarity in the

drawing, may be either the type shown in Fig. 3-12 or an airlock type.

The adapter between the station and the launch vehicle is illustrated,
and solar cell arrays are shown stowed and deployed. The cone angle of
the adapter is the same as that used for the LEM adapter. The solar
panels are articulated so that the staﬁion méy be earth oriented and the
solar arrays sun oriented. A mechanism for articulation of the solar
panels is illustrated in Section F-F of Fig. 3-21 . Shaped charges are
positioned for adapter separation. The module stifféner rings shown in
the adaplter area are considered to be part of the adapter structure,

i.e., they are not common to all sections of the module.

3.1.k Operational Space Station

The Operational Space Station is the end product in the family of sta-
tions which utilize the modular concept as a design approach. The
guidelines used to define this station depart from those used to define
the other stations of the family and as a result, some changes in the
“modular concept as developed to this point are required: | o
¢ " The maximum- compartment pressure in the Operational Station is
14,7 psia rather than 7 psia. This change dictates a return

to semi-elliptical end domes on the modules because of weight
considerations.

0"~ The station will have artific¢ial gravity capability. Curved — N
floors are therefore desirable in order to produce a floor
surface normal at all points to the artificial gravity vector.

'® The station will have access tubes on both sides of the mbdules.
Floor interconnect assemblies are therefore unnecessary.
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Figure 3-22 shows a module of the Operational Station with semi-elliptical
domes, curved floors, and supporting tubes between the floors. Details

of the area of the hub-module Jjoint are shown on Fig. 3-23, This
rotating joint, mounted on a ball bearing, permits 90-deg rotation of the
module during station deployment. The deployment cable and mechanism

are shown as are the attachments that are made after the station has

been deployed. These attachments are sealed over.after they are made.

The electrical and fluid connections across the joint are shown; most of
these connections are made after deployment. One cable assembly is con-
nected prior to launch for electrical circuits that are to be monitored

prior to and during deployment.

Figure 3-24 shows two concepts of the use of modular components for hub
configurations for the Operational Station. One method provides an uppér
docking turret with accommodations for five logistic vehicles. Unloading
can be accomplished directly into a storage area by use of the short
tranéfer tunnel. The zero-g lab is made up of four modular compartments.
The centrifuge consists of portions of a module and can handle up to
twelve men at a time. The other method illustrated shows a lower dock-
ing turret that accommodateé five logistic vehicles. Cargo unloading is
~— .- by direct transfer to a storage area. The zero-g lab is located on the
upper end of the hub and is composed of three modular compartments. The
centfifuge is similar to the one previously described. The lower docking

turret arrangement gives a shqrter overall launch configuration length.

-3.1.5 Study of 260-in. Diameter Stations o

An investigation was made of modular compartment space stations utilizing
a diameter of 260 inches, Figure 3-25 shows the sequential evolution of the
one, two and four-compartment stations. These compartments utilize a

wall and floor structure similar to that used In the final design of the

183-in‘. diameter modular compartment station.
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AThe‘floor_and_wall configuration of the'260-in. diameter moduiar com-
partment is shown on Fig; 3 -26, The floor structure is composed.of
integrally stiffened skin and 12-in. deep built-up Beams. A 90-in.
pitch between floors is maintained which provides a 78-in. floor-to-
ceiling height. Four posts tie the floors together near the center.
A 33.2 x 69.5 in. rectangular opening is provided in the floor for

access during fabrication of the stations,

The Operational Modular Multipurpose Space Station with 260-in. diameter
modules is shown on Fig. 3 -27«  FEach of the three modules is struc-
turally the same and consists of four compartments with curved floors
and domed ends. Two access tubes provide dual routes to the hub, which
has similar domed ends with docking ports in the center. The hub is
260-in. diameter élso and portions of the module wall structure can be
utilized in the design. The hub contains a zero g laboratory, storage
space and a centrifuge. The launch shroud is not shown on this drawing

although portions of it would be retained for use as meteoroid shielding.

The one- and two-compartment laboratories use the Saturn IB launch
vehicle and the compartments mount directly to the instrument package on
the S5-IVB stage. The LEM adapter is empty except for some experiments
externally mounted on the laboratory compartment. The mission profile
of these two laboratories would require the LEM adapter to be completely
separated from the launch vehicle prior to command module docking with
the station, and then separation of the station from the S-IVB stage.
Modifications to the LEM adapter and S-IVB stage would be necessary.

The four compartment laboratory is launched unmanned by Saturn IB.
- After launch to 28.5 deg, 200-n.mile apogee, the station separates from
the S-IVB stage and the orbit is circularized by use of an onboard

propulsion subsystemn.

N The two special mission, polar or synchronous orbit flights are handled

by & two-compartment station mounted on a Saturn V launch vehicle, and

laﬁnched manned.
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The launch configuration of a 260-in. diameter Operational Modular
Multipurpose Space Statibn presents s hammerhead appearance. Parts of
the shrouding would be retained as meteoroid shielding after the station
is deployed in orbit. Further study and test are required to determine
the launch characteristics of this arrangement. The launch configura-
tions of the 260-in. diameter modular compartment stations are shown ¢n

Fig. 3-28,
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3.2 RADIATTON SHIELDING

The following'analysis_is concerned with the protection of personnel
from the high energy space radiation in the Mbdular_Nhltipurpose Space
Station configurations.

Two specific candidate design conditions have been investigated (Sections
3.2.1 and 3.2.2):
e & polar orbit mission for 3 to 12 months at 200 n.mile
‘altitude.
e a 30-deg inclination, synchronous altitude mission for 3 to 12
months time.
The various individual space radiation components including geo-
magneticaliy trapped partiéles, sdlar particles, and cosmic rays are
discussed. The rediation shielding required in each of the above two
missions is calculated for mission times of 3, 6, and 12 months. Shield
weight estimates are given for two different methods of shielding,

namely shielding of the entire space station and local personnel shielding.

The radiation enviromment and the required radiation shielding for low
inclination earth orbit missions is discussed in Section 3.3 of the FY-63
study, "Study of a Rotating Manned Orbital Space Station" (Lockheed
Report 17502). h

Throughout the space radiation anslysis, the space enviromment data used
was that furnished by the NASA. Where no specific information on s
barticular radiation component was available, the required data were

obtained from the open literature.

The space radiation shield requirements for the Two Compartment Iabora-
tory under two design conditions have been computed. Tt is found that
the nuclear particles and photons present an extreme hazard in the uné
shielded condition. The shielding required to reduce this hazard is
consilderable and represents shield weights of up to 5000 lb or more
depending onAthe misslon. It is shown that these shields may be reduced
‘considerably by the use of local body shielding. '

LOCKHEED 65
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The allowable radiation dosage limits have been defined by the NASA,
These limits sre applicable to the total amount of radlatlon recelved
from all sources durlng the time spent in the space stations, and are

shown in Table 3-2,

Table 3-2
MAXIMUM ALLOWABIE DOSE RATE
Critical Body Organ Average Yearly Dose (Rad)
Byes v 27
Blood forming organs 54
Feet, ankles and hands 559
Skin of whole body 233

__This results in a dose of 1.68 rad/day inside the Two-Compartment

3.2.1 Space Radiation Shielding -~ Polar Orbit

The space radlation environment and shielding requirements are dis-

cussed in Sections 3.2.1.1 and 3.2.1.2,respectively.

3.2.1.1 Space Radiation Fnvironment

Galactic Cosmic Rays. The radiation absorbed dose due 40 the extremely

high energy cosmic rays is estimated to be L rad per year for the polar
orbit. Due to the protection of the earth at this low (200 n. mile)
altitude, the cosmic ray dose is reduced by more than a factor of four

over the synchronous orbit case discussed subsequently in Section 3.2.2,

Trapped Electrons. The electron spectrum assumed in this study for a

200 n. mile, 90-deg inclination orbit is shown in Fig. 2-29 (Ref. 3.2-8)..

Approximately 10 electrons/cm are intercepted per day in this orbit.
Iaboratory wall structure shown in Fig. 3 -30, Thus, trapped electron

dose accumulates at a rapid rate, and for long duration missions (16

‘days or more) radiation shielding in addition to wall structure must be

provided to maintain an absorbed dose limit of 27 rad/mission to the eye.

Bremsstrahlung. Low altitude bremsstrahlung contributes insignificantly

to the total dose and therefore no additional shielding is required for

this component.

LOCKHEED 66.
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An evaluation has been made of the trapped proton
For this effort, &

.Trapped Protons.

dose for a 200 n. mile polar circular orbit.
Freden-White proton energy spectrum was assumed (Ref. 3.2-1). Approxi-
mately 9 x lO5 This

results in a dose of 0.12 rad/dayvinside the laboratory wall structure.

protons/cm?—day are intercepted in this orbit.

The shielding required to reduce this dose to the required limits is
included in Section 3.2.1.2.

Solar Protons. In low altitude orbits, the solar flare event protons

are reduced by a factor of two as a correction for the time spent at
low latitudes under the protection of the Van Allen belts, - The
‘results are shown in Table 3-3,

Table 3-3
NUMBER (N) OF SOLAR FROTONS INTERCEPTED (PROTONS/CMQ)
Probability That No More Than N*
Protons Are Intercepted 3 Months | 6 Months | 12 Months
.90 1.4 x 10° |3.2 x 109 |5.9 x 107
.99 1.5 x 1070 2.7 x 10%° 3.6 x 10%°
.999 8.1 x 10™° 1.3 % 10+ 1.5 % 10t

*N is the number of protons with energy greater-than 30 Mev.
Quoted numbers are reduced by a factor of approx1mately 2 for low-
altitude, high-inclination orbits.

Solar Alpha Particles.

Table 3 4 -
ATLUMINUM SHIELDING* REQUIRED IN A 200-N. MILE

POLAR ORBIT FOR VARIOUS MISSION TIMES

The dbsorbed radiation dose from solar salpha

Probability of
Not Exceeding

" Solar Particles

100 Rads/M1381on from

3 Months

6 Months

12 Months

0.90

125 gm/cm2

2.5 gm/cm2

12 gm/cm2

*Shielding for an active sun exposure of 100 rad/mission.

LOCKHEED
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3.2.1.2 Shield Requirements

Shielding Thicknesses. The combined dose absorbed to the eye from

trapped electrons and trapped protons in the 200-n. mile polar orbit
inside the laboratory wall structure is approximately 1.78 rad/day.
For an absorbed dose‘limit of 27 rad/mission to the eye, a laboratory

crew member is constrained to a mission time of approximately 15 days.

ﬁhe space radiation shielding necessary to maintain mission times of
3, 6 end 12 months is shown in Table 3-5, Considered are the trapped
belt particles, trapped belt secondary bremsstrahlung, and cosmic ray

doses.
Table 3 -5
- SHIELDING REQUIRED IN 200-N. MILE POLAR ORBIT DURING
QUIET SOLAR CONDITIONS
Aluminum Shielding Requirements¥*
Mission Tota12 Wall Strugcture | Added Shielding
Time,(months) (gm/cm™) (gm/cen”) (gm/cm?)

3 1.5 0.41 1.0k

6 2.0 0.41 1.59
12 2.9 0.1 2.49

¥For 27 rad/mission dose limit to the eye.

Table 3 -6 shows the shielding requirements imposed by solar flares for

T o 200-n.y mile polar orbit: - In all cases except the three-month mission, the - —
solar flare penalty is more than the penalty imposed by the trapped .

" radiation, Thus no additional shielding is required to reduice the solar - -
flare dose on a three—monﬁh mission 1f an emergency dose of 100 rad per

mission 1s allowed,

LOCKHEED 69
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égc%Qgg63.2

SHIELDING REQUIRED IN- 200-N. MILE POLAR ORBIT

DURING ACTIVE SOLAR CONDITIONS

Aluminum Shielding Required* (gm/cm?)
Mission Tota12 Wall o Net Shieldéng
Time, (months) (gm/cm™) (em/cm™) (gm/cm™)
3 1.45 0.k1 1.04
6 2.5 0.h1 2.09
12 12.0 0.41 11.60

*For an active sun exposure dose limit of 100 rad/mission.

Shield Weights. The Two Compartment Polar Orbit Iaboratory is described
in Section 3.1l.2. Tebles 3-7

and 3-8

show approximate shield weights

for this configuration derived from the shielding given in Table 3-6

for two alternate shielding approaches.

Table 3-7

ADDITTONATL SPACE STATION SHIELD WEIGHTS

Mission
Time, (months)

FOR 200=N, MILE POIAR ORBIT (QUIET SUN)

Aluminum Shield Weight (1b)

One«Compartment
Dependent Iaboratory

Two~Compartment

Independent Iaboratory

3
6

12

1520
2320
3630

2320
3540
5550

NOTE: These shield weights are to be added to the existing structure

and are for quiet sun conditions.

LOCKHEEDR
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Table 3-8

LOCAL PERSONNEL SHTIELD WEIGHTS FOR
200-N. MILE POLAR ORBIT

SHTELD WEIGHT REQUIREMENTS* Total
. For 3 Men

Ib/Helmet ' Ib/Tunic Ib/Bunk (1)

Mission Quiet|Active| Quiet{Active| Quiet| Active | Quiet| Active

Time fmonths )| Sun | Sun Sun | Sun Sun | Sun Sun | Sun
3 11.1 |11.1 0 0 260 | 260 282 | 282
6 17.0 |22.2 | 1h.h | 18.9 | 396 | 520 | 459 | 602
12 27.0 | 126 29.3 137 622 | 2900 735 |3426

¥one bunk plus two helmets and two tunics for every three men.

Table 3-T shows weights for the case when the entire structure is
shielded. Table 3-8 shows local body shield weights (See Reference
3.2-9 for a description of local body shielding).

" Exemination of Tables 3-7 and 3-8 ~sghows that the local body shields
are appreciably lighter in weight, due primsrily to the reduced area
involved. Recommendation of the shilelding method should not be based
solely on the weight trade-off inasmuch as crew mobility and efficiency

- may be affected by the suits and helmets. -Rather, the method selection
should be deferred until test data are available on the effects.of

personal body shielding.

3.2.2 Space Radiation Shielding - Synchronous Orbit

' Thé space radiation enviromment énd shiélding feéuiféﬁénisvféfwthe
synchronous orbit mission are discussed in Sections 3¢2:2.1 and
3.2.2,2 respectively. '

3.2,2,1 Space Radiation Environment

Galactic Cosmic Rays. The absorbed radiation dose due to the high

-~ energy cosmic rays for synchronous altitude conditions {19,380 n. miles

and 30 deg inclination) is estimated to be 4.2 rads per yedr.

LOCKHEED 71
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Electron Dose During Transit

An anelysis of the electron dose received during passage through the
geomagnetically trapped particle belts for the Two Comparfment Isbora-~
tory has beenrcompleted. From a transfer perigee altitude of 105

n. miles, the space station is positioned in a 30 deg symchronous orbit
5.2 hours later. The space station sltitudes are given in Table 3-9

as a function of time and are schematically shown in Fig. 3-31.

Table 3—9
AITITUDE - TIME PROFILE FOR TRANSFER TO SYNCHRONOUS ORBIT

Time After Appli-

eation of Transfer Altitude
(i? lse (n.miles)
0.2 1080
0.5 2900
0.7 k720
0.9 6420
1.12 7940
1.34 9350
1.5 10,500
5.2 | | . 19,380

The total absorbed dose due to the trapped electronsis approximately
3 rad. If an RBE of 1 is assumed, as in this study, the dose is then
3 rem. In - all cases, this dose is received by an unshielded'point
-7 "gosimeter (such as the unshielded eye) behind the space station wall of
approximately 0.4 gm/cm2 (shown in Fig. 3-30 ). The results of both

transits through the inner belts are summarized in Table 3-10,

Table 3-10
e ELECTRON DOSE DURING TRANSIT OF THE RADIATION BELTS. .. . . _ .
. L ~ Absorbed Dose  Absorbed Dose
Trajectory (rad) (rem)
Outbound "3 -3
Inbound 3 3
Total 6 6
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Table 3.2-9 indicates that the dose received during transit of the
radiation belts is relatively small. Recent published data, however,

indicates that these results may be optimistic.

Orbital Trapped Flectrons. The radiation exposure inside the laboratory

due to geomagnetically trapped electrons was estimated for the 30 deg
inelination synchronous altitude orbit. The electron data for the time
period of interest are assumed to be identical with the data of Frank

(Ref. 3.2-2) and areshown in Fig. 3 -32,

This spectrum shows ;oh electrons/cmg-sec with energies greater than
2 Mev. In this study, all electrons greater than 2 Mev were assumed to
be of that energy since the high energy spectral distribution of electrons

greater than 2 Mev is currently unsvailable.

Approximately 1.7 x 1012 electrons/cm2 per day above 0.04 Mev are inter-
cepted in the synchronous orbit. This results in é dose to the eye of
approximately 316 rads/day behind the basic laboratory wall structure.
This large dose rate is due predominantly to the low energy electrons

that have a relatively large ionization effectiveness.

The high dose vate inside the laboratory structure necessitates shield-
ing for missions of any duration at this altitude on the basis of a
27~rad dose limit to the eye. ©Specific shielding requirements are

discussed in Section 3.2.2.2.

Bremsstrahlung. The electron spectrum of Fig. 3-32 is used in this

. study to calculate bremsstrahlung. . The calculation . is performed using o
the method of Green (Reference 3.2-3, and from data of Reference 3.2.-3
,,,,,, - and 3 . 2—)4.) . B e e e e - e

The results of this calculation are shown in Fig. 3- 33, This figure

shows the synchronous altitude bremsstrahlung dose for electrons stopped

in aluminum and attenuated Byhlééd for mission times of 3, 6; and 12
months. The shielding necessary to reduce both the bremsstrahlung doses

and other space radiation doses is disucssed further in Section 3.2.2.2.
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'Trapped Protons.-

has been calculated for the 30 deg, synchronous orbit altitude.

siderable variance has been noted among the various sources of informa-

IR 18906

Sectlon

2

The internal radiation dose due to trapped protons

tion for the spatial distribution of protons. For this study, the

date of Bane, et al (Ref. 3.2-5) has been selected.

is shown in Fig. 3~ 34. The data are for October L, 1960; other sources

Con-

of information showed fluxes differing by a factor of 10 from these

values.

This energy spectrum can be represented by the following

equations;

and

Because of the low energy distribution of the outer belt protons, the

protection of the wall structure of the laboratory is found to be suffi-

6

J=2x10° g2 protons/cm2—sec-sterad-Nbv
for 1.02 < E<2.24 Mev

J=0.7T1 x 10° 37 protons/cme-sec-sterad Mev
2.2k (E<7.3 Mev |

cient for reducing the proton dose to negligible levels.

An investigation of the penetration of the high energy component and its

effect on personnel is recommended.

. Solar Protons.

-In this study, the recent NASA solar flare data of
Modisette, et al (see Ref. 3.2-7) has been utilized.

proton flux spectrum is taken to be:

F (>E)

P OR)

P (E)

Fo

. :

i

I

G exp [— P(E)/PO}
proton energy (Mev)

number. of protons having energy greater than E,

protons/cmg.

magnetic rigidity¥*, or momentum per unit charge of

a particle, million volts (Mv)

characteristic regidity (spectrum parameter), in

“million volts (Mv)

a constant, 11.h

¥For g more detailed explanation of rigidity, see Ref. 3.2~ 6
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FIG. 3-34 TRAPPED PROTON ENERGY SPECTRUM OF THE OUTER
RADIATION BELT (REF. 3.2-5)

LOCKHEED 17

CALIFORNIA COMPBANY

—



19805

In this study.PO is given the value of 97 Mv which corresponds to an

average energy spectrum.

The solar proton cutoff rigidity is determined (see Ref. 3.2-10) from:

P - 2.49 x 108 2 + Cos3)\ 2 (1 + CosS A )2
¢ (6.371 x 105 +n)° '0032 A
where : Pc = particle cutoff rigidity, RN
h = altitude, km
A = geomagnetic latitude, deg

Values of Pc for a 30-deg synchronous orbit and low altitude polar orbit
are 150 Mv and 61 Mv, respectively. These correspond to energies of 10

Mev and 10~ Mev, respectively. ©Since virtually no high energy protons

are cut off for either mission, a zerc energy cutoff was. assumed in

this analysis.

The number of solar protons intercepted for various mission times and

for various probabllities are taken from Ref. 3.2~T7 and shown in
Table 3-3. The number of protons intercepted varies from 5.9 X 109

protons/cm for a 12 months milssion with a 90 percent probabllity that no

more protons are intercepted, to 1.5 x 10 protons/cm with a 99.9

percent probability that no more protons are intercepted.

In low altltude orblts, the quoted numbers are reduced by a factor of
two as a ‘correction for tlme spent at low latitudes. The shleldlng '

_necessary to protect the crev. for each of the above solar flare cond1~

tions is shown in Table 3 11 This shleldlng-ls requlred to llmlt
solar flare doses to the 100 rad/mission emergency exposure dose to the

eye.
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4 Table 3 -11
TOTAL SOLAR FILARE SHIELDING REQUIRED AT
SYNCHRONOUS ALTTITUDE FOR VARIOUS MISSION TIMES
Probability of Not Exceeding Mission Time, Months
100 Rads/Mission 3 | 6 12
.90 Aluminum Aluminum Aluminum
1.5 5.5 18
2 2
gm/cm”. gn/cm gm/cm

Solar Alpha Particles. In this study, the dose due to high energy

solar alpha particles is assumed to be in a ratio of 1/2.33 to the dose
from solar protons under all conditions. Alpha particle dJoses are

included in the results given in Table 3 -11.

3.2.2.2 Shield Requirements -~ Synchronous Altitude

Shield Thickness. FElectrons and electron bremsstrahlung have been

shown to contribute significantly to the dose in the synchronous orbit.
In addition, space radiation doses are recelved during the Hohmamm trans-
fer and from cosmic rays. The various space photons and particles are
attenuated differently in the several shielding materials in a complex
manner. For example, aluminum is an efficient shield for electrons,

while lead is efficient for bremsstrahlung.

Table 3-12 shows the results for the synchronous altitude environment
for two solar conditions, quiet and active sun. The left side of this
table shows the aluminum and lead requirements necessary to maintain 3,
o6, .and-12-months missions with a total mission absorbed dose of 27 rads/
mission to the eyes during quiet sun conditions. It is important that
- the aluminum shielding- be external to the lead. These requirements
consider the effects of trapped radiation, bremsstrahlung, and cosmic

rays. Solar proton event effects are not included in the quiet sun

I & =1= 1 1 i v1 = S
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Table 3-12
TOTAL SHIELDING REQUIRED FOR
30~DEG INCLINATION, SYNCHRONOUS ORBIT
Shielding Reguired (gm/cmz)
Mission Time Quiet Sun Active Sun Conditions
(months ) Aluminum | Iead | Total | Aluminum | Iead | Total
3 0.59 0 0.59 1.09 0 1.09
6 0.59 0.1 | 0.69 5.09 0.1 ] 5.19
12 0.59 1 1.59 17.6 1 18.6

NOTE: The above shielding is required in addition to the space station
wall structure. The solar flare particle dose is equal to or
less than 100 rad per mission.

The right side of this table shows the aluminum and lead shielding

necessary to maintain 3, 6, and 12 months missions during active solar

conditions. In this case, 27Arad/mission absorbed dose to the eye is
allowed from continuous radiation (i.e. trapped radiation, cosmic rays)
and 100 rad/mission are allowed as an emergency exposure solar flare

.dose. In general, during active solar conditions, the shielding re-

guirements are greater than those during quiet conditions. Consequently,

the shielding shown in Table 3~-12 is added, where possible, to a

storm cellar in order to minimize weight.

Shield Weights. Approximate shield weights for the requirements given

in the previous section, are shown in Tables 3-13 and 3-14% for one and
two compartment configurations in a 30-deg inclination synchronous orbit.
The single compartment is assumed to be a cylinder 15.25 £t in diameter
and 8.16 £t in length; the double compartment is the same diameter but
15.64 £+t in length.

Here again, local body shielding produces a substantial weight saving;
‘however, degradation of crew performance can also be expected when using

’’’’ the personal body shielding for long time periods. A compromise Tecom-
mendation is therefore made fhat the complete module be shielded for
quiet sun conditions and that personal body shielding be provided for

active solar periods only. Figure 3~35 illustrates the combination of
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.the two shielding methods. These tables indicate also the weight

penalty involved if crew time in orbit must be extended beyond the

postulated three-month period.

Table 3 -13

TOTAL STRUCTURE SHIELDING WEIGHTS
FOR 30-DEG INCLINATION, SYNCHRONOUS ORBIT

Space Radiation Shield
Weight (1b)

One Compartment Two Compartment

, Dependent Independent

Mission Time, Iaboratory Taboratory

(months) Quiet Sun| Active Sun | Quiet Sun | Active Sun
3 892 1645 1315 2430
6 10k2 7830 1540 11,580
12 2400 28,100 3540 hi,h00 -
Table 31k

LOCAL BODY SHIELDING WEIGHTS FOR
'30~-DEG INCLINATION, SYNCHRONOUS CORBIT

Shielding Weight Requirements¥*
Ib/Helmet Ib/Tunic Tb /Bunk
. Mission Time, Quiet | Active | Quiet | Active | Quiet | Active

(months ) - Sun Sun Sun Sun Sun Sun

3 6.3 1.7 20.4 37.7T 148 273

6 7.2 5h.2 31.0 233 172 1295

12 17.0 199 137.0 1604 397 L64Lo

}"”""ﬁ"“¥'ASSumes no structure shielding. "Also, one bunk plus “two helmets and - -

two tuniecs are assumed for each three men.
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- Further

research is needed in the areas indicated below:

Recent data in the literature indicates that the biological
doses receilved during transit through the radiation belts may
" 'be higher-than those shown here.

required to resolve this matter.

-Considerable research is

The attentuation and scattering effects due to the transmission

of energetic electrons and protons through the spacecraft wall
structures have been estimated. Of specilal interest, are the-
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high energy particles that are present and the magnitude of
their contribution to the dose. - Further work is required to
define the spectre of the high energy components that are
present at the altitudes of interest.

o The effects of shielding by internal equipment have been neg-
lected in this report because of the multiplicity of interior

arrangements. Since other studies have shown that these
effects can be important, further work in this area is
recommended.
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3.3 STRUCTURAL DESIGN

The basic modular unit of the Modular Multipurpose Space Station is
structurally a large pressure cylinder with flat ends. Hatches are
located at the center of.each flat end and two diametrically opposite
hatches are located in the cylindrical side walls. The hatches incor-
porate docking rings for accommodating logistic spacecraft or other
‘hatch attachments. The two hatches in the flat ends of the module are

also designed as hoist points for ground'handling.

The eylindrical walls incorporate an inner pressure barrier with integral
stiffeners on the outside. Standoff fiberglass clips are attached to the
external stiffeners for the support of an outer meteoroid bumper, which

is non-structural.

Pressure bulkheads, which form the floor and ceiling of the module,
incorporate a system of beams with ties at the central hatches, to
support the differential pressure load. The beams are designed with
fiberglass shesr webs to reduce the conduction of heat. External

floors and ceilings are protected by a meteoroid bumper.

Thermal insulation consisting of aluminized mylar sheets is contained
-within the module walls between the pressure barrier and the meteoroid

bumper.

The pressure shell is entirely of welded construction to reduce leakage.
The basic shell material is 2219-T87 aluminum alloy, which was chosen
" 77 for its excellent weldability and crack resistant properties. Additional

thickness is provided locally at the welds so that a uniform strength

" level is maintained without post-weld heat treatment.
The following analysis presents critical load criteria and stress analysis

~__of the primary structure.
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3.3.1 ILoads

Primary Spaceframe Structure

A factor of safety of 1.50 is used for all conditions. The stress in
any element of the structure when subjected to ultimate load must not

exceed the sllowable stress of the material.

Transient ILoads

To account for dynamic effects, the exit flight loads include a factor

of 1.20 and the pre-lasunch and launch loads include & factor of 1.15.

Thermal] Stresses

The ultimate factor of safety for thermal stresses is to be 1.0 when

combined with other stresses.

Pressure Vessels.

Pressure vessels are to be designed to the following factors:

(a) Cabin and pressurized compartments, pressure acting alone:

Iimit pressure = 1.33 x maximum operating pressure.
Ultimate pressure = 2.0 x maximum operating pressure.

(b) Cabin and pressurized compartments, pressure combined with
flight loads:

Iimit pressure = maximum operating pressure.
Ultimate pressure = 1.5 x maximum operating pressure.

Pre-Iaunch and Ground Handling

The pre-launch-phase is concluded with the removal of the gantfy. Ioads.

encountered during this phase are:
(a) Hoisting T T T

A vertical limit load factor of 2.0 shall be applied within a

cone angle of 20 deg from the vertical through the pick-up

(b) Wind Environment

Ground wind data to be used in the structural analysis for the
design of the vehicle are presented in Reference 1. These data
present steady state and peak winds in fps as a function of
altitude to 500 feet for 95 and 99 percent probability of
occurrence with respect to the worst wind month.

LOCKHEED 85

CALIFORNIA.COMPANY

—



IR 18906
Sectlion 3.3

During this pre-launch phase, the vehicle must be capable of
sustaining the 99 percent probability ground wind.

(e) Jig Support

The floor docking rings constitute jig support points for the
loaded module. The limit load factor = 2.0,

Iaunch

The launch phase is defined as the time from removal of the gantry until
the pitch-over to trajectory flight. After the gantry is removed, the
vehicle must be capable of sustaining the 95 percent probability wind
defined in Ref, 3¢3-1e

Figure 3-36 presents the beﬁding moment on the modules when mounted on

the Saturn IB in a maximum wind shear condition (Ref. 3,3-2).

a = angle of attack, degrees
g = dynamic pressure, pdbunds per square foot
n, = axial load factor

Pressure Differential

The design maximum operating pressure for a modular unit of the one,

two, and six compartment modular space gtations is to be 7.0 psi.

~—Docking

Relative Axial Velocity = 2 ft per sec.

Relative Iateral Velocity = 1 f% per sec.

Il

!

Relative Angular Velocity = 1 deg per sec.
Iateral Misalignment = 1 ft
Angular Misalignment = 10 deg

Apollo Orbit Circularization Thrust

Injection of the module into orbit by the Service Module engine produces

—a thrust 10ad and a bending moment when the engine is fully gimbaled.

These loads are applied direétly through the docking hatch structure.
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Engine thrust = 21,900 1b
Gimbal angle = 8 deg

Command module docked with space station.

Meteoroid Protection

The meteoroid environment criteria are stated in the NASA document EC-1
(Ref. 3.3-3) and amended by the original contract Statement of Work, Meteor-
o0id protection for all configurations is to be based on a 0,99 probability
of no more than one penetration per worst month on the Operational Space

Station.

Fail-Safe Policy

The fail-safe policy, to obtain an acceptable length of crack without

rapid propagation in the pressure shell, is as follows:
The maximum operating hoop tension stress shall not exceed one-half
of the ultimate allowable material tensile stress. At shell cub-

outs, the stress shall not exceed one-fourth of the ultimate
allowable tensile stress.

3.3.2 BStress Anslysis

In the following stress analysis, calculations are presented that sub-
v{g@gptiate the adequacy of the design that is described in Section 3.1

and in the drawings, for the loading conditions and factors of safety

described in Section 3.3.1, Ioads. The design is accomplished such

that objectionable permanent set will not occur at limit load conditions

and failure will not occur at less than design ultimate loads. .

3.3.2.1 Meteoroid Protection

‘The penetration formulas and structural factors are shown below:

i

Penetrating flux N = e
ST sﬁms+mQT

where:

n

SF

i

The total number of penetrations with a given probability
Farth shielding factor '

il

LOCKHEED 88

CALIFORNIA COMPANY



K = Ratio of the rate of flux of sporadic meteoroids during

the time T to yearly average.

&y
oo

il

A
o)

T = Mission time (deys)

Vehi¢le surface area (ft2)

Vehicle projected area (£t2)

IR 18906
Section 3.3

Ratio of the rate of flux of showers to the sporadic rate

For a .99 probgbility of not more than 1 penetration each 30 days for

the Operational Modular Multipurpose Space Station configuration,

*n. .= .15
F=1.0
T = 30 days

5

AS
N

1l

it

.696

20,500 £t°

1.81 x 1077

K

A
P

= 1,7

it

L 850 £t

2

The size of meteoroid against which protection is required is taken from

a curve of yearly average sporadic flux based on the 1963A Whipple dis-

tribution and represented by the equation:

LogN:
m =
— I":::
* -
)
r =

where:

-1.34 log m - 10,423, from which:

.00178 gn., (meteoroid mass)

"~ P_"is the probability of not exceeding x penetrations in accordance
with Poisson's Distribution.

 —-For x =1 penetration; and P = .99 probability,

.99 = e

n

-+

ne

-n

RSP ¢ W S ! 5_
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To prevent penetration of a single sheet;

m N 1/3
t = 148 K| ( E 0, ) ,Sunmers Equation

wheres

i

1.5 (thin sheet factor)

Modulus of elasticity of sheet (psi)

i

!
Et

i

p, = Density of sheet (1b/in3)

For aluminum, the single sheet requirement is
b= 2.18m /3 = 26k 1n,
For two sheets spaced 2 in. apart, the structural factor K2 = ,20
Sty + b, = Kb = .20 x 260 = ,053 in,

L016 in, minimum

ck
il

bumper sheet

ct
i

inside sheet = ,037 in.

The 0.037-in. thickness is adopted for the integrally machined pressure
skin, but 0,020-in., gage is recommended for the meteoroid bumper because of

its handling qualities,

3.3.2.2 Cylindrical Shell Pressure Requirements

Ultimate pressure P = 2 x 7.0 = 14,0 psi
Allowable ultimate hoop tension stress for 2219 787

F., = 62,000 psi

R Requlréd"préééﬁéé,ékin thickness:
_ tm;.gﬁiﬁ_, o
tu
Module radius R = 89.5 in.

, e AN % 89,5 e
- t o= W =" 020 1in;
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Actual skin thickness = .037 in.
Mergin of Safety, M.S. = “F55= -1 = .85

3.3.2.3 Compression Analysls of the Module Skin

Figure 3-36 shows the variation of sheil bending with distance from the
nose of the vehicle, The shear, moment and axial loads at the critical
station y = 460 in, are as follows:
110,000 1b limit
32,800 1b limit
M (moment ) 10 x 10° 1b-in. limit
the ultimate shell loads at station 460 are:

P (axial)
S (shear)

i

P M
P =5rRr 5
TR

110,000 x 1.5 + 10 x 1,5 x 10
2 x 89.57 (89.5)2 «

293 + 596 = 889 1b/in

where R = 89.5 in,

i

Panel Stability (Crippling)

be. 4" O

‘T o | 0.105" = ¢

0.82¥=b 0.037"

# | !
=

The stiffener size for integrally stiffened skin with stiffeners spaced

Bodior

4\/

~at 4,0 in, and skin Thickness of .037 in. is shown in the accompanying

sketches, The crippling stress allowable for this section is computed

. . element width 0.82
Stiffener ratio, b/t = element thickness - 0,105 7.8

For one edge free, the crippling stress, Fc = 30,000 psi.

o1
LOCKHEED
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STIFFENER
82"
t =1.105" E
i: 4" f:i
t = 037"
PANEL € ¥
Panel ratio, -E— = —é%—,? = 108
For no edge free, FC = 10,000 psi
z F A '
_ “7¢" _ 10,000 (.148) + 30,000 (.086) _
e = 532 7 .23k = 17,300 pei

The ultimaté maximum compression load shown previously is 889 lb/in.

It

Shell area per inch -'—gg-& = ,0585

]

F_ = 889/.0585 = 15,200 psi

c

Ultimate margin of safety in crippling = %—3—8—8— -1 = 0.1k
3

Panel Stability (Column Buckling)

_.. BAs a part of the assessment of panel stability, column buckling was

investigated; results of this analysis follow:

LOCKHEED

CALIFORNIA COMBANY

I~ = ~Unilt moment of inertia of skln and stiffeners =. .OOMO2.in%71n.
P = Radius of Gyration = \/;[-_ I ACCLE R 261 in.
A 0585
" Ring Spacing = 22.5 In. (Three rings required,sée £o6llowing sketch)
L'/p = 8200 = 70,5; Column end fixity, € = 1.5. -
261V1.5

n

o = 20,000 psi (Ref. 3,3-k, SM83p)
20,000

Ultimate margin of safety in column buckling = ]-5_-16—66- ~1 = +0.33.
3

o2
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o 225" (yp.)

wavn s (lvan . o—on  wowmn =

——7—-—»-—{——-——-—-—-——
ive o e s—

General Stabllity, Shell

This design criterion establishes the cross-sectlonal area of the rings.

Ref. 5, page T3, glves:

CMD?
EFIF > T, where:

E, = Young's modulus, frame (ring)

IF = Moment of ilnertia of frame cross-section.
C. = A dimensionless coefficient (1.25 x lO_h)*
M = Applied moment

D = §Shell diameter

I. = Frame spacing.

~Accounting for axial loading, the equlvalent applied moment is: - - ="

M. = ;ppRE = 826 x wx 89.52ﬂw=ww20.h X 106 in.1b ult. -
-l 6 2
1.25 x 107" x 20.4 x 10° x 179 6 2
2 = . - »
Eln P55 3.62 x 10° 1b-in

* Value of C,, doubled on the basis of Lockheed Test Results.
(Ref. LR 1576h)

LOCKHEED 73
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= 107 psi; Ip = .362 Inkt —~eﬂ(],o"l<m—

!

Assume 3.0-in. deep rings,(see sketch)
| 2 3.05% e

2t x 1.50° + EL2 —_—

3.0"

= 4,50t + 2.25t = 6.75t

360 WALL

& = 0535 in _ , , i

Use 060 In. 2219-T87 aluminum alloy.

Ring area

= 5% .060 = .30 in? each.

3.3.2.4 Docking Support Structure on Module Shell

Docking Loads.

Assume the two body impact conditlons are as follows:

Apollo command and service modules = 15,000 1b., weight

Two-compartment statlon + spent 3-IVB stage= 37,000 1b , weight

AV = 2 fps

S = T in. stroke (deflection) = 0.582 ft.
Impact energy = resisting energy

MV2 :

- = FS, where FS = docking force x stroke

WV2 - F

2gsS

Equivalent docking weilght,

LOCKHEED

CALIFORNIA CQM:ANY

‘@4;

n

b

i

Wlw2 R e — e <

, Where

Myt ¥,

15,000 1b (Apollo command and seirvice modules)

37,000 1b (Two-compartment station plus spent SIV stage)

15,000 x 37,000

55,000 10,700 1b
2' .
WV _ 10,700 x L
%5 - Dx3p.0x .50 - LMW
ok



IR 18906
Section 3.3

.The peak load can be twice .the average load, hence
Ultimate docking load = 1,145 x 2x 1.5 = 3,430 1b
Use F = 4,000 1b ultimate for deslgn.

The docking ring is supported by beams spanning the adjacent floors,
as shown in these sketches, )

Ultimate dock load = 4000 Ib,
Assume the support beams react
the docking load, i.e., there

1s no allowance for pressure

stiffening.
/FLOOR
_ oLl _
Mex Ry = 4000 x & 2430 1b SUPPORT
33 ? :BEAMS
Max R, = 4000 x = 1570 1b 51"
: B = T L -DOCKING
‘ g iRING
An eccentrlc docklng load
could be on one edge of the 33" 34"
ring such that one support é

gets most of the load; it

is theref a .
8 therefore assumed that Note: Figures not to scale.

one support mey carry two thirds

of the total docking load. 4,000 1b
. AA
Fir— Ry b 16 ot 34 ot 348 nd 1Ry
' The maxlmum bending on one support 1s
I M‘A—-.,.,(31+R2)-§- 3 xITOX 2 | 55 600 1p-1n.
6" 3 ultimate
3
I =.105x 2.96° x 2 + -5-';86-155—‘91
= 1,84 + 1,17 = 3.01 inh
¥ R, £, = 35,600 x 3 _ 35,400 psi
3.01
LOCKHEED %
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Allowable flange stress for 2219-T87 aluminum alloy

F%u = 62,000 psi
62,000
Tension Flange margln of safety = £2,000 = .75
35,400

The compression flange 1s not critical because 1t 1s supported by
shell skin.

3.3.2.5 Beam-Supported Floor

The ‘maln support beam.locations are shown below,

e
1 2
& 3
5
6 1/7
9 8
e

The beams are piln-supported around the periphery of the floor and

8906

on 3.3

con-

tinuous at other points. One set of beam flanges and the floor surface

are integrally machined from a l—l/h—inch thick aluminum plate.

LOCKHEED 96
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Posts at polnts 6, T, 8, and 9 constitute structural tles between the

floor and the cellling. These posts transmit pressure, docking and

handling loads between the integral beam

floors. Each floor beam carries

the total pressure load in the area half-way to the adjacent beam.

Loads on Docking Ring Due to Apollo Injection Thrust Ceondltion

22‘61 i

o 21.98! 62!

15.7 .

W

j M W, = 15,000 Ib
APOLLO
Fr | B scmMB ] @ cm
/

= 15,000 Ib

+8° GIMBAL

LABORATORY

RANGE
foo—13. 5

DOCKIN

G RING fet——7 . 85" ]

In reference to the above diagram of a docked configuration:

F s
Acceleration, a = — s Where F_ = 21,900 1b
W W X
1+ 2
Wea W2 FX
Docking ring lcad, P = = m————
g W, + W
1 2
A _ 15,000 x 21,900 _
B T T T I 30,000 = 10,950 1b
Poag, = 1:5x10,950 = 17,400 1b
For an 8-deg engine gimbal
o F, = 21,900 cos 8 deg = 21,600 1b B -
R nFy =‘”FZ LE 21,900 sin 8 deg = 3,050 1b
Data Apollo Laboratory Combined
- ‘Weight (1b) 15,000 15,000 30,000
Mass (slugs) L66 - L66 932
I (s1ug-£t°) 23,000 20,000 109,100
Distance to combined center of mass, 4 = 15,000 x 13.5 * 15,000 x 30.45
30,000
= 21.98 ft.

LOCKHEED 97
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T RING
= 466 x 1.92 x 7.85
+ 20,000 x 0.61h
LABORATORY FREE BODY DIAGRAM
= 19,310 1b-Tt
Mulé”“ ='19,310 x 12 x 1.5 = 348,000 1b=id, T T Tomemoee s
Loads on Docking Ring Due to Ground Handling Conditions B
The loaded module i1s supported by a jig which attaches to the docking
o w-ring. The critical condition for the beams is _shown in the following sketch,
The ultimate load factor is 3.0. o i
_ 5000 x 48 x 3
Pult. —. S = 20,000 1b
LOCKHEED %

LR 18906
Section 3.3

’ 2
Conbined I ) sbout CM = 43,000 + 166 (8.48° + 8.47%) = 109,000 slug-Tt

3050 x 21.98
109,100

Angular acceleration = a =

n

o 614 rad/sec2
A£ the laboratory mass center, the tangentlal acceleratlion resulting

from the lateral component of thrust is

a, = ra = 8.M7x .61k = 5.20 £t /sec”

The linear acceleration due to this lateral thrust component is
-3050

| 2
&, =935 = -3.28 ft/sec

The net linear acceleratlon of the mass center = an 5.20 -~ 3.28

= 1.92 ft/sec?

Forces on docking ring

The moment of the fdrces ro

COMBINED CM [STATION CM

about the docking ring
shown here are:

Mymy = (mpag)d + Ip[‘ DOCKING

ALIPDANIA COMPANY
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DOCKING- ' —
RING POSTS ' !
' e e — — — — —td ] 4
P ; 0
. "4’“""48"—-—-@ 36” . ‘ 68“
e N
W= 5,000 [b b 1
e

The four floor support posts distribute some of the load P to each
floor. A relative deflection analysis shows that 45 percent of the
load is distributed to the opposite floor by the posts and 52 percent
to the floor adjacent to the holding fixture. It 1s assumed that the
couple forces, P, wlll be reacted by the beams at points 1, 2, 3 and L

at an average distance of 68 in. as shown.

The reaction at each of the four points is:

R = 29,000 x 36 x .52
. L x 68

and the floor beam bending moment (see below) at each post is:

M = 70x 1,380 = 96,500 lb-in.

At a point 35 in. from the end of each beam, the bending moment is:
M = 35x 1,380 = 48,200 1b-in.

= 1,380 1b

Uniform Floor Pressure Loadlng Conditions
The floor beams are designated by number as shown.
The pressure = 2.0 x 7.0 = 14 psi ultimate.

valoor Beam No. 1

wy = 602 1b/in

W, = 126 1b
| ; 1
R} 70" R 35" R3 70" R

LOCKHEED
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From contlnuous beam theory

252 x 705 _ 7% 350 x 703 + 126 x 357
"

+ =
210 M2 35 M3 i %
from symmetry Mé = Mé = 152,000 1lb-in.

R = R, = 14,800 1b R, = R3 = 17,000 1b

Mid-span moment M = -235,600 1b-in.
Max. shear = 14,800 1b

Diagonal Beam No., 3

This beam is pin ended and loaded,

2
w
o M = 128 L w = 700 Ib/in
_ 190 x 632 % 128 _
. > |
= 178,000 inrlb !
Ry
R = 1k,7000 1b
Ry =T,350 1b

Typlcal Cross Beam No. 5

This beam i1s also plnned at each end and loaded as shown,

-~ --The maximum- bending moment, e 240 Ib/in

W oo x 362
B By e 3 = 39,000 1b-in. o ,‘ o

R = 2110 x 18 = 4,310 R

100

8906
%gc%igg 3.3
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Post Load

The posts provide a tenslon tle between the beams of adjacent floors.
VThe maximum tenslle load, _

From main beams = 2 x 17,000 = 34,000 1b

From diagonal beams = 7,350 1b

Total tension = 41,350 1b

The maximum compression transferred between adjacent floors results

from ground handling loads. Thls force is:

+
P, = = 20’020 x M8 + 14,800 per post.

Integral Floor Stiffeners

The maximum spacing of floor stiffeners is 5.16 in., and their
length = 24 in. as fixed ended beams, with loading as shown,

w =72 lb/in
Wl e
24 in.
R 'R
Max. M=—«l%- - [BEEL - 3,160 1b-in.
R =T2x12 = 86k 1b

U7 T 'Table 3-15 presents a condensed summary'of the loads that must be sup~-
ported by the floor members. Ground handling loads have been added to
pressure loads to permit complete ground checkout under simulated
orbital conditions. If pressure and handling loads are not added, a

small saving in weight can be realized in beam No., 1.

LOCKHEED

CALIFORNIA COMPANY
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‘Table 3-15.
SUMMARY OF FLOOR LOADS
Condltion Pressure Ground Handling Net Design
b Moment Shear |Mom=nt Shear Moment Shear
Member 1b-in.| 1b. |1b-in. 1b. 1b-1in. 1b.
Beam No. llat Post {152,000 96, 500 . 248,500
at 351n.235,600 48,200 283,800
8 in. deep|at end - 14,800 - 2,660 | 17,460
Beam No. 3 178,000 |1k,700 - - 178,000 | 1k,700
8 in. deep
Beam No. 5 39,000 | 4,310 - - 39,000 4,310
Lk in. deep
Stiffener 3,460 864 - - 3,460 864

Stresses and Margins of Safety

The beam upper caps are machined'integrally with the floor surface from
2219-T87 alumlnum plate. The lower caps are TO075-T6 extrusions. The
webs are fabricated from epoxy pre-impregnated glass cloth conforming

to specification LAC C-22-978. These fiberglass webs are used in preference
to aluminum webs with thermslly insulating shims to maximize the heat
leakage path, Even with the fiberglas webs, 90 percent of the module

heat loss is through the structure,

The allowable material stresses as specified in Reference 4 are:

Fiu Fou Feu
| 2219-T87 plate (Floor flange) 58,000 58,000 . 34,000
Yy T075-T6 plate (Lower flange) 75,000 75,000 45,000
Glass fabric epoxy (Web) . - - 9,200

For the compres31on flange b/t <h therefore the cripping stress,

= 50,000 psi.
Table 3 16 shcws the rrincipal structural design characteristics

of the floor beams.

LOCKHEED 102
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Table 3-16
FLOOR BEAM FILANGE AND WEB DATA
Beam Caps
M h =M/h | Fc Area |Actual{Margin
=P/F A of
Beam 1b-in. |in.| 1b psi | in,2 | in.2 |Safety
No. 1 at Post |248,500{ 8 | 31,000 | 50,000 | .620 { .625 +005
at 35 in.| 283,800 8 | 35,500 | -50,000| .710 | .T20 .01
No. 3 178,000 8 | 22,300 | 50,000 | .446 | LS50 .01
No. 5 39,000{ 4 9,780 | 50,000 .196 .200 | .02
) *
Beam Webs (shear) _
F Thickness {Actuwal t | Margin
Shear q su £=1 33q/F of
Beam b |1b/in.|1.33 im0 gn | sarety
No. 1 16,180| 2020 | 6,920 .293 .3k .16
No. 3 , 1k,700] 1840 | 6,920 . 266 .28 - .05
No. 5 4,310] 1075 | 6,920 .156 .16 .03

sketch above (Integral Floor Stiffeners):

*For the fiberglass webs, the ultimate shear strength is dilvided
by 1.33 to allow for fabricatlion varlables.

Integral Floor Stiffeners

The stiffener 1s a compact section 1.25 in. x .18 in. with an allowable
bending modules of rupture - 85,000 psi (Ref. L4, SM53-C). From the

£= _§M§ _ _6x 3,40 _ 74,000 psi
ownt a8 x 125 B
85,000

Margin of safety = 7k, 000 -1 =.,15
J

-~ Support Posts s e P

The support posts constitute tension ties between the floor and the
celling. They are also capable of carrylng compression loads between

LOCKHEED 103
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these structures. The material is 7075-T6 aluminum tubing. The

loads and shresses are as follows:

Maximum tensile load = 41,350 1b
Maximum compressive load = 4,800 1b
-For a 3 in. dlameter tube with a .058 in. wall, the cross-sectional

area, A = .536 in2
P/A = 1,350 | 07 000 psi
: .536
F, = 77,000 for TO75-T6 tube
o I1,000 4 _
Margin of safety 77,000 1 0

3.3.2.6 Module Hatches

Flat Integrally Stiffened Waffle Grid Hatch
The maximum bending stress on a simply supported flat cilrcular plate
with a unlform loading is from Ref.(3.3-6.

N
fb = _QE_E (3m+1)
8xm t - .
6M
The bending stress for a flat plate 1s fb = -——%——27
2
where W = P=zR
P = uniform pressure = 14 psi ult.
'R = plate radius = 18 in.
)‘” ' t = plate thickness (in.,) ~ 7 T
. .m = % = 3,0 for aluminum L
M = bending moment (in-1b/in)
. 3P.F° (3m.+1) 6M
Then, 5 —f s o= =5 T R e
8mt te

3P R2(3m + 1)
48 m

Maximum bending moment

i

= 945 in-1b/in.

ok
LOCKHEED 1
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The maximum bending stress on the stiffeners is,

_6M . 6x2x9hs
- 13 % Log 0000 pel

The hatch is a flat 2219-T87 aluminum alloy plate with a waffle grid

of integral stiffeners spaced 2 in. on centers In the maximum moment

area as shown.

For 2219-T87 aluminum, F = 50,000 psi
_ 50,000 ., _
Therefore, margin of safety _355556 1 0
n ™\
— ]
b"l‘*?’ t=.134" >

2" -

Spherical Dome Hatch

A hatch design utilizing a spherical dome is loaded with uniform

pressure on the convex side (radius, R = 18.4 in)

The critical collapsing pressure P, 1is,

R 606

_er 5
B %13 o (-045yR/t)
let P = 1k psi ult.

. P . —_ 8 e R e
_er lo8 _ 1k x 10 - 140

107
105
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From Fig. 3-3T:
R/t = U430
8.k - -
Required thickness t = 3 = .043 min. skin gage of aluminum.

The spherical dome hatch 1s lighter than the flat surface design and
is therefore the preferred conflguration.

“ 3.3.2.7 Support of the Module in the LEM Adapter

The four-polnt support of the module is stabllized by members that
attach to the periphery of the module at the floor levels, shown in
this sketch,

MODULE
K_,V_L«—Aq LEM ADAPTER

P
FLOOR %
5N ] ’ Y ‘ y \EE
W=
15,000 Ib
73,6"
FLOOR
] ;] . S

The ultimate load resulbs at second stage burnout during launch.

et e e o+ o e Nu s ._7‘ 5g R e s e 2 e e e e —— e e
Ult. P = 15’002 X 12 - 28,100 1b per truss
LOCKHEED 106
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The truss member loads are:
No. 1 top member P, = -5,470 1b (compression)

No. 2 bottom member P2 = 12,300 1b tension.

Deslgn of Truss Tubes

The vertical component of the truss loéd 1s transmitted dilrectly to
the module 1lntegral stiffeners, by means of four channels that are
externally located. on the shell at the floor levels. The horizontal
load components are balanced out through the channel. Design data
are given in Table 3-1T7. All material is 2219-T87 aluminum alloy.

Table 3-17
TRUSS TUBE DATA
Cross Radius Allowable | Margin
Sec- of Column of
Tube tional | Gyratlon| P Length | Stress Safety
Member Area, A p A p Fc
(in.?) (in.) (psi)
No» 1 15 x .0ko| .223 .51 24,500 56 |[28,000(1) | 11
No. 2 2 x .0k9| .300 .69 |41,000| 105 |u2,00003)| o2
(welded)

Ref. (1) Lockheed SMM 836.
(2) Alcoa Data.

:jwma e e .. —... REFERENCES~Section 3,3 - o e e

3.3-1 Iockheed Technical Memorandum Report 50737, Basls for Structural
Design for LORL, dated 12 June 196k.

3. 3~2 Lockheed Technical Memorandum Report 50290, Basis for Structural
Design, Small Space Statlon, dated Dec. 28, 1962.

3.3—3 Meteoroid Evironment in Near-Earth, Clslunar and Near-Lunar Space,
- NASA-MSC Englneerlng Criteria Bulletin, Serlal No. EC-1, -
dated 8 November 1963.

3¢3-4 Engineering Stress Memo Manual, The Lockheed-California Company.

3¢3-5 Weight-Strength Analysis of Aircraft Structures, Second Edition,
By F. R. Shanley, Dover Publications, Inc.,New York, New York.

3.3-6 Formulas for Stress and Strain, Roark, 2nd Edition, page 188.
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3.4 WEIGHT ANALYSIS

The weight data developed herein reflects the concept of sequential
evolution of a family of multipurpose space stations. Emphasis
throughout is on the modularization of laboratory structure and sup-
porting subsystems. An important objective is to provide a method of
readily assessing payload compatibility of a broad spectrum of experi-

ments with generally defined, mission-oriented laboratory configurations.

The term "discretionary payload" is used throughout the following dis-
cussion as a weight item indicative of the mission capability of a
particular configuration. Discretionary payloads are those items to
which discretion can be applied in mission planning, e.g., expendable
mission supplies, containers and tankage, spares, and expefimental
equipment. Thus, possible experimental paquads and mission stay times
can be parametrically determined by proper definition of initial labora-
tory. launch configuration, discretionary paylocad available, crew size,

and logistic requirements.

Published information* is used as a basis for the three-man Apollo

Command and Service Module configuration and weights for missions where
the Apollo is launched with the space station. The main weight differ-
ences for the various missions appear in the Service Module electrical

power, reaction control and propulsion systems.

Table 3-18 shows a comparison of the various three-man Apollo configu-
ration weights. A nominal 1.5-kw fuel cell system is provided in both
the Service Module and the laboratofy for the one compartment, 45-day,
low inclination, earth orbit mission. Fuel cells are replaced by a
nominal 5-kw, laboratory mounted solar array on the two compartment
configurations. The back-up battery in the Service Module is retained
for emergency power in case of failure of éolar power subsystem. Various

- wom o ---combinations éf~Apollo X and Block -II reaction control and propulsion

*¥North American Aviation, "Extended ApolloVSystems Utliiiatlon Stuéy,r
Final Report Vol. I - Configurations, Structures and Weights, ’
SID 6lk- 1860 , 16 Nov. 196L.

109
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tankages compatible with mission requirements are indicated as fixed and
the reactants are off-loaded. For the purpose of this study, environ-
mental control and fuel cell consumables and tankage are optimized and

reflected as a time rated portion of discretionary payload.

Table 319 shows a comparison of the supply requirements for the
different missions. For this study, the following consumable rates have
been established as common for all configurations: personal accommodations
at 0.5 pound per man-day packaged and food at 1.3 pounds per man-day
packaged. The environmental control system rate of 28.2 pounds per day
for the one compartment, 3-man, 45-day mission reflects the use of lithium
hydroxide for carbon dioxide removal and & single gas oxygen atmosphere at
5 psia. All the remaining configurations employ a molecular sieve for
carbon dioxide removal and a two gas atmospheric environment at a normal
pressure of 7 psia.  Oxygen regeneration is initiated with the'Interim
Space Station; recovery of oxygen from carbon dioxide results in a weight
saving of 1.37 pouhds per man-day. Processing of fecal water for oxygen
recovery results in an additional saving in the Operational Space Station

of 0.17 pounds per man-day.

The rates given for the reaction control system consumables are for orbit
maintenance and normal stability and control. Various combinations of
Block II and LEM tankage with adequate capacity for the associated mis-
sions are indicated as fixed in the weight of the Apollo Service Module
for one and two compartment configurations. The propellant rates for

the Interim and Operational stations include a 10-percent tankage factor.

\t

Control moment gyros in the two-compartment and larger configurations
contribute to propellant economy for normal stability and anticipated

- exXperimental requirements.

The consumption of 60 pounds per day for the one compartment fuel cell
e --reactants includes W3ipercent tank factor and a 25-percent reserve factor.
This rate gives a total of 1620 kw-hr for a HB—day period at an average

operating rate of 1.5 kw and a specific fuel consumption of 0.93 lb/kw—hr.
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Tables 3~20 through 3 ~25 present summary wéight statements and graphic
representation of discretionary payload for an optional range of experi-
mental equipment weights and mission durations for the six space systems
studied. Initial discretionary payload capability, the number of logistic
launches, if any, to man the station fully for initial operation, and

resulting logistic payload capability establish the trade-off limits.

Refer to Table 3-21 "Two-Compartment Independent ILaboratory" as an
illustration of the information to be extracted. The Saturn IB has an
effective launch capability of 36,800 pounds to 80 n. miles and 28.5-deg
inclination as discussed in Section 3.1. The laboratory subsystems,
including structure, weigh S4OO pounds dry, less tankage. The LEM
adapter, which is jettisoned at 80 n. miles before the Hohmann transfer
to the 200-n. mile circular orbit, weighs 3500 pounds. Propellant re-
quired for orbit injection and re-entry maneuvering is stored in the
Service Module tanks and weighs 2500 pounds. The three man Command and
Service Module configuration that is detailed in Table 3-18 for this
mission weighs 15,950 pounds. Deducting these weight items from the
effective launch capability leaves 2,120 pounds for the initial dis-
cretionary payload requirement for mission consumables, containers,
spares and experimental equipment. As indicated, one three-man logistic
laﬁnch with a discretionary payload-capability of 16,800 pounds is required

to man the laboratory fully for normal operation.

Table 319 indicates that the supply regquirement for this two'compartment

1aboratory configuration is 60.2 pounds per day. If an arbitrary mission ~— -

:) duration of 90 days plus 90 days of reserve supplies is chosen, an experi-

mental payload capability of 8080 pounds results when the suﬁplyhrequire-
ment is deducted from the accumulated discretionary payload capability of

18,920 pounds.
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Applying this procedure to all six configurations results in the

following payoff in mission duration and experimental payload capability.

Mission :
Duration Experimental
Table + Reserves Payload
Reference Configuration (days) (1)
3-20 One-Compartment Dependent s + 5 3300
Lab. ‘
3-21 Two-Compartment Inde- 90 + 90 8080
pendent Lab.
3-22 Two-Compartment Polar 90 + 30 1560
Iab.
3-23 . Two-Compartment Synchronous 90 + L5 10,470
lab. '
3-24 Interim Modular Multi- 90 + 90 41,000
purpose Space Station
3-25 Operational Modular Multi- 90 + 90 67,620

purpose Space Station

Strict adherence to the modular concept dictates that the structure of
each module be capable of sustaining the most severe loads encountered
in any module in the family of stations. Table 3-26 ypresents a weight
comparison of modularized one, two, and six compartment structural

assemblies. It is possible, however, to optimize the lateral rings and

A»stifﬁgneyﬁhfor a 300 and 520 pound weight saving respectively, when the

one or two compartment laboratory configurations are launched inside the
LEM adapter. Table .3-27 shows the structural weights of the one and
two compartment configurations optimized for the, loads encountered only

on those configurations.

© Various floor designs weére ‘developed in sufficient detail to recSgnize

the particular problems and advantages of each., Domed ends for the
modules were eliminated to reduce the number of different structural
components, Further, since all floors must resist the T—p31
atmosphere, a pressure-carrying dome becomes a redundant structural

s
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member. Honeycomb sandwich (4- and 6-inch thick) and integrally stiffened,
beam-supported floors were also considered. Table 3 -28 1lists the prin-
cipal details and weighté of each of these three floor designs. The
.principal advantage of theAintegrally stiffened, beam floor is a weight
saving of 136 pounds; however, Table 3 -29 indicates other comparisons
between honeycomb and beam designs and the reasons for selection of the

beam supported floor design.

Although the 183-inch diameter module was chosen as the primary design,
alternate 260-inch diameter modules were investigated. A graphic com-
parison of structural weight and volume as & function of the number of
compartments for the two approaches is presented in Figs. 3-38 and
3-39. A 90-inch floor pitch is maintained in all cases. A one-
compartment, 183-inch diameter module weighs 6310 pounds, with the

3500 pound LEM adapter included, and has pressurized volume of 1250 cubic
feet. On a comparable basis, the 260-inch diameter gives a structure
weight of 8880 pounds and a 2500 cubic foot volume. Preliminary inves-
tigation has indicated that a.260-inch diameter, two-compartment module
with the Apollo would be marginal from a welght standpoint for near

earth launch with the Saturn IB.

-The Interim. Space Station yields a structural weight, with fairings, of
12,310 pounds and a volume of 7500 cubic feet with the 183-inch diameter.
A 260-inch diameter of equivalent volume would require three compartments
and cost 13,370 pounds in structurél weight. The MORL point design,
~referred to in Table 3-30 is a 260-inch diameter laboratory with a
structural weight of 16,000 pounds and a volume of 9000 cubic feet.

This would be comparable to 3 to 4 compartment sizing on the weight

and volume curves.

Some main design highlights for the MORL point reference configufation
and the six éémiaftment modular cbﬁhﬁerpart are cdﬁﬁéred ih'TaBig“3-30;w~—
Subsystem weights are compared in more detail in Table 3-31. The basic

MORL has six-man subsystems with a nine-man overload capability. The

LOCKHEED
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electrical power system is nominally rated at 6 kv and the environmental
control consumables are non-recoverable. The six compartment Interim
modular station subsystems are sized for nine men with oxygen regenera-
tion as an integral part of the life support system. The solar array
electrical power system can supply 10 kv average power for subsystem and
~experimental requirements. A l-kw fuel cell is available for station
start-up and emergencies. The 1200 pounds allowed for localized radiation
shielding could possibly be reduced if the protection afforded by local
equipment could be properly evaluated.

Based on the same Saturn TB launch vehicle capability, 36,800 pounds to
‘80 n. miles and the same orblt altitude of 200 n. miles, the initial
discretionary payload capablllty for MORL is 8480 pounds and 6760 pounds
for the modular approach. Included is 1160 pounds for startup of the

modular station.

The three radial module concept of the Operational Multipurpose Space
Station is inherently receptive to the benefits of structural and sub-
systems modularization. Fach leg of the rotating space system is com-
posed of a six compartment Interim module, tied into the central hub

assembly by a pair of pivoted access tubes. ZFEach of the four segments
are capaple of accommodating an equal number of men by means of essen-

tially identical subsystems.

Table 3-32 presents a design and weight comparison of a 2U-man
integrated station design and a 36-man station that is modularized
throughout the subsystems and structurally to the extent of splicing
single compartment structural segments to form a six compartment radial
module.v The volume of both designs, including the three radial modules, .
access tunnels, zero-gravity laboratory, and hangar is 69,530 cu. ft.
A comparison of the structural weight for the two designs indicates s

e 2220 pound increase for splicing single compartment module sections. e
Subsystems indicate a total.weight of 46,320 pounds for the 2k-man

point design and 52,550 pounds for 36 men. This is an increase of

123
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6230 pounds for the 12 additional men or 520 pounds per man. The
resulting initial discretionary payload capability for the 24-man point
design, launched to 260 n. miles with a two-stage Saturn V is 85,840
pounds. The capability for the 36-man modular design is 77,390 pounds

into the same orbit.

Details of the subsystems weights are compared in Table 3-33, Oxygen
regeneration is a feature of the environmental controi subsystems of

3 both designs; there is an 1100-pound increase to the dry weight'for the
addition of 12 men. Crew provisions, trim and furnishings are increased

by 1220 pounds and local radiation shielding is increased by 1610 pounds.

A weight in-orbit comparison of the candidate configurations, logistically
manned for normal operation, is presented in Fig. 3-40, Supplementary
weight data is given in Table 3—34, comparing the different Modular

Multipurpose Space Station configurations in orbit.

%V‘»-...n.‘-_._& m———— e . _ P e e e e - _,;I,._.
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LABORATORY WEIGHT (Ib)

PRESSURIZED
VOLUME

’ (103 cu ft)

MORL

‘201000 B

© 260~Inch DIA,

16,000 WITH LEM ADAPTER

260~inch DIA, WITH

12,000 NEW ADAPTER

8,000}
/ 183~inch DIA, WITH
N\ NEW ADAPTER
:
4,000} \
183-inch DIA, WITH LEM ADAPTER
ol , L ' : ol
1 2 3 4 5 6

NUMBER OF COMPARTMENTS

FIG. 3-38 STRUCTURAL WEIGHT VS NUMBER OF
MODULAR COMPARTMENTS

161
260~inch DIA,
12
MORL

MULTI-PURPOSE

SPACE STATION
sk MODULE
4}

183~inch-DIA,
INDEPENDENT LABORATORY

DEPENDENT LABORATORY

J 1 1

1 2 3 4 5
" NUMBER OF COMPARTMENTS

FIG. 3-39 PRESSURIZED VOLUME VS NUMBER OF
MODULAR COMPARTMENTS
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Table 3-29 °
FLOOR AND CEILING DESIGN

.050 SKIN .040 SKIN
| A . A
T _ e )

—

;s 4.2 b/
‘1’ ? CORE ® '

\_ 8“
050 SKIN
S|

Honeycomb Beam

Total Weight 1 Floor 726 1b 590 1b

Walking Surface .050 Alum. .0L0 Alum.

Max. Floor Depth 4.0 in. 8.0 in.
- Inspection - Difficult Conventional

Equipment Mounts Blind Accessible

Volume Usability Unavailable Usable Between Beams
- Outside Attachment Blind Accessible
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Table 3-30

COMPARISON OF THE MODULAR APPROACH TO A POINT DESIGN FOR THE
INTERIM MODULAR MULTIPURPOSE SPACE STATION

e - INTTTAL, LAUNCH CONFIGURATION

¢ IDENTICAL MISSTON PARAMETERS

E Modular Point Design
g Parameter Approach - MORL
Crew Size 6 -9 6 -9
Subsystem Sizing 9 6
Pressurized Volume (cu ft) 7500 - 9000
Altitude (n. miles)/Inclination (deg) 200/28.5 200/28.5
Structure, Including Fairings (1b) 12,310 16,000
Subsystems (1b) 16,030% 10, 620
Orbit Injection Fuel & Tanks (1b) 1,700 1,700
Discretionary Payload** (1v) 6,760 8,&80>
EFFECTIVE INITIAL LAUNCH WEIGHT (1b) 36,800 36,800
J
*Includes 1 kw fuel cell (1610 1b)
*¥¥Discretionary Payload includes mission consumaebles, containers,
spares, experimental equipment and startup provisions of 1160 1b..
130
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Table 3-31

SUBSYSTEM WEIGHT COMPARISON FOR MODULAR AND POINT DESIGNS

OF INTERIM SPACE STATION

9 Man Subsystem with O

LOCKHEED

CALIFORNIA COMPANY
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e l-a 5 Regeneration

® 2-a 10 kw Subsystem

e 3-a 9 Man Subsystem

e 1-b 6 Man Subsystem with 0, Storable

e 2-b 6 kw Subsystem

e 3-b 6 Man Subsystem

Modular Point
Subsystem Approach Design
pounds ) (pounds )

Environmental Control (1-a) 2450 (1-b) 1960
FElectrical Power (2-a) 7620 (2-b) k4100
Reaction Control 330 320
Communications 1170 11ko
Data Management 230 350
Navigation & Guidance 230 280
Stabilization & Control 690 560
Diéplay Panels & Instrumentation L6o 450
Crew Prov., Trim & Furnishings (3-a) 1650 (3-b) 1350
Subtotal 14,830 10,510
Radiation Shield Prov. 1200 110
TOTAL  (1b) 16,030 10, 620
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Table 3-32

COMPARISON OF THE MODULAR APPROACH TO A POINT DESIGN FOR THE
OPERATIONAL MODULAR MULTIPURPOSE SPACE STATION

e INITIAL LAUNCH CONFIGURATION

e IDENTICAI, MISSION PARAMETERS

™ Modular Point Design

' Parameter Approach : LORL
Crew Size ok - 36 2k
Subsystem Sizing 36 2k
Pressurized Volume (cu ft) 69,530 69,530
Altitude (n. miles)/Inclination (deg) 260/29.5 260/29.5
Structure, Including Fairings (1b) 108,860 106, 640
Subsystems (1b) 52,550 46,320
Orbit Injection Subsystem, Fuel and Tanks (1b) 8,700 8,700
Discretionary Payload* (1b) 77, 390 85,840
EFFECTIVE INITIAL, TAUNCH WEIGHT (1b) 2k7,500 2k7,500

/.

.*Discretionary Payload includes mission consumables, containers,
spares, experimental equipment and startup provisions of 4650 1b.
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Table 3 -33

SUBSYSTEM WEIGHT COMPARTSON FOR THE MODULAR AND POINT DESIGNS
OF THE OPERATIONAL SPACE STATION

4

Modular Point

Subsystem Approach Design

T (pounds) (pounds)
Environmental Control 9, 400 8, 300
Electrical Power 20, 640 18,340
Reaction Control 1,150 1,150
Communications 2,210 2,210
Data Management 580 580
Navigation & Guidance 300 300
Stabilization & Control 5,000 5,000
Display Panels & Instrumentation 1,830 1,830
Crew Prov., Trim & Furnishings 6, 600 5,380
Subtotal 47,710 43,090
Radiation Shield Provisions L, 840 3,230
TOTAL (1b) 52,550 46,320
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